ABSTRACT. In this study, young cladodes corresponding to two (thorn-less and thorn-containing) varieties of cactus pear (Opuntia ficus-indica) from four different areas of Tigray region, Ethiopia, were investigated for their phenolic contents and antioxidant activities. Quantitative estimation of total phenolic contents and antioxidant activities in the cladodes was carried out using spectrophotometric methods. A 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging assay was used for the determination of the antioxidant activities, while Folin-Ciocalteau reagent, aluminum chloride and protein (albumin) precipitation methods were used for the determination of total polyphenol, flavonoid and tannin contents, respectively. The cladodes were found to be rich in polyphenols, with values in the range 18.071.4 mg gallic acid equivalent (GAE)/g of dry weight (DW). The predominant part of the polyphenols is represented by tannins, 9.0041.2 mg GAE/g of DW, followed by flavonoids, 6.4025.0 mg catchin equivalent (CE)/g of DW. The cladodes showed strong antioxidant activities, 59.385.8% inhibition compared to ascorbic acid. Application of paired t-test on the overall mean total polyphenol contents of samples collected from the different areas revealed the presence of significant variation between the thorn-less (31.6 GAE/g of DW) and thorn-containing (47.7 GAE/g of DW) varieties. One-way ANOVA also revealed that there are significant variations among samples from the same variety but collected from different areas.
INTRODUCTION
In recent decades, studies have been focused on foods rich in phytochemical and functional properties. Many studies have indicated a positive correlation between consumption of plant foods and reducing the risks of some diseases such as cancer, cardiovascular diseases, or diabetes [1] . This relation is in most cases attributed to high contents of phenolic compounds and their respective antioxidant activities [2] . Phenolic compounds are widely distributed in many fruits and vegetables. Their type, concentration and hence their biological activity varied with plant species [1] [2] [3] [4] .
Cactus pear (Opunta ficus-indica) or prickly pear, a member of the Cactaceae family, is widely distributed in Mexico and in all American hemispheres and grows in many other parts of the world, such as Africa, Australia, Europe and the Mediterranean basin [5] . There are several species belonging to the genus Opuntia (Family Cactaceae). This includes O. Ficus-indica, O. dillenii, O. robusta, O. Tormentosa and O. tuna. Of these, O. ficus-indica is the most common species that is grown in Ethiopia [6] [7] [8] . Cactus pear (O. ficus-indica) is commonly known in Ethiopia as "Beles" [6, 9] .
The farmers of northern Ethiopia identified several locally grown varieties of cactus pear that varied in their morphological characteristics. Among these characteristics, the presence or absence of spines is one of the basic parameters to identify the cladodes varieties [9] .
Cactus pears were largely ignored by the scientific community until the beginning of the 1980s when several studies and reports were published on their biological functions. More recent investigations on the chemical components and the nutritional value of Opuntia have attracted attention in the food, nutritional and even pharmacological sciences [6, 8, [10] [11] [12] .
In the past only the fruit was considered to be nutritious and the leaves were used for animal feed. However, recently, the young leaves (cladodes) of O. ficus-indica is found to be nutritious and believed to have medicinal property. Freshly harvested cactus pear cladodes are regarded as vegetables; they present a high content of water and a minor proportion of dietary fiber, lipids, proteins and calcium. Other constituents are antioxidants, such as ascorbic acid, phenolic compounds, β-carotene, lutein and xanthophylls [13] [14] [15] [16] [17] . This part of the plant is known for its medicinal properties, such as an auxiliary treatment for obesity, and gastrointestinal or cardiovascular disorders. These extracts also decrease the levels of cholesterol and serum glucose [18, 19] . But, due to lack of well documented information about its nutritional quality, cactus pear is underutilized plant in Ethiopia and it has not been used as an alternative source of food nutrition in different parts of the country.
Few papers have been reported on the antioxidant activity and phenolic composition of cladodes of O. ficus-indica grown in the overseas. As per the report of Dib et al. [15] , the composition of phenolic compounds of cladodes of O. ficus-indica is found to be: total polyphenols 26.7±0.2 (mg GAE/g DW), flavonoids 11.9 mg CE/g DW and total tannin 6.45±0.11 (mg GAE/g DW). Furthermore the composition of different extracts of Algerian cladode of O. ficus-indica was reported in terms of IC 50 (mg/mL) values as polyphenols total 0.6±0.1, flavonoids (ethyl ether) 5.3±0.02, flavonoids (ethyl acetate) 1.81±0.01, flavonoids (nbutanol) 4.87±0.06, tannins 0.95±0.007 and ascorbic acid 0.13±0.002 [15] .
However, there is no such report on Ethiopian O. ficus-indica. It has to be noted that plant nutrients are dependent on the type of the plant species, soil type, geographical location, over all climatic conditions of the region, harvesting season and maturity stage of the plant. Thus, the aim of this study was to investigate the phenolic composition (total polyphenol, flavonoid and tannin) and antioxidant activity of O. ficus-indica grown in Ethiopia.
EXPERIMENTAL

Chemicals and reagents
All the chemicals and reagents used in this study were of analytical grade reagents with highest purity. These chemicals and reagents were: anhydrous sodium carbonate (Research Lab Fine Chem Industries, Mumbai, India); L-ascorbic acid 98% (Vitamin C, BDH Chemicals Ltd., Pool, England); sodium molybdate dehydrate 98% (BDH Laboratories Supplies, Poole, England); anhydrous sodium sulfate (Research-Lab Fine Chem Industries, Mumbai, India); anhydrous aluminum chloride and sodium nitrite (Fluka, Switzerland); ovalbumin, sodium carbonate decahydrate and ethanol (Research Lab Fine Chem, Mumbai, India); sodium acetate, sodium hydroxide and ascorbic acid (BDH, England); D-catechin, hydrochloric acid, 1,1-diphenyl-2-picrylhydrazyl and methanol (Sigma Aldrich); sodium tungstate dihydrate and phosphomolybdic acid (Scharlau Chemie, Spain).
Apparatus and equipments
Electronic blending device (Moulinex, France), electronic balance (WL 3000, Adam Equipment Co. Ltd., UK), Whatman ® filter paper 110 mm (Whatman International Ltd, Maid-Stone, England), pipettes (Pyrex, USA), micropipettes (Dragonmed, 10-100 µL, Shangai, China) and UV-VIS spectrophotometer (Perkin Elmer Lambda 900, USA) were used in the study.
Collection of plant material
Samples from two different varieties (thorn-less and thorn-containing) of cactus pear cladodes were collected from farm fields in four districts (weredas) of Tigray (Ethiopia). The cladodes were grown without using any fertilizer during the summer. From each of the four districts, samples of 4 kg each of prickly pads of the cladodes, corresponding to each of the two varieties, were collected from four different sites at different maturity stages. Thirty two cladodes from eight plants (four cladodes from one plant) were collected from each sampling site to prepare bulk samples. Accordingly, a total of eight bulk samples, four from each variety were collected. The geographical locations of the sampling areas are given in Table 1 . A clean plastic knife was used to cut the sample material from the mother cladodes. All the samples were collected in polyethylene plastic bags.
The sampling areas were chosen based on their commercial importance and for their high production and consumption of the fruits of the cladodes of cactus pear by the local people in the region. Besides, many parts of the selected areas are covered by these specific plant varieties. 
Sample preparation
The nopal pads of the cladodes of cactus pear were washed with distilled water and disinfected using commercial 10% sodium hypochlorite solution in order to eliminate microorganisms. The thorns of the plant material were removed manually and the pads were cut into small slices in order to facilitate the drying process. The prickly pads were air dried in an open room at room temperature for three weeks. Finally, the prickly pads were pulverized to fine powder and stored at room temperature until analysis.
Extraction of the plant material for phenolic analysis
The dried and ground cladodes (10 g) were extracted with 200 mL of methanol-water (70/30, v/v) by maceration at room temperature for 24 hours. Then the extracts were filtered through Whatman No. 1 filter paper. Finally, the filtrate was stored in a refrigerator at 4 o C for further investigation and analysis.
Preparation of Folin-Ciocalteau reagent
Folin-Ciocalteau reagent was prepared following the procedure reported by Bizuayehu et al. [20] .
Estimation of total polyphenols
The total polyphenol content was determined using the Folin-Ciocalteu method, which is based on the reduction of phosphotungstate-phosphomolybdate complex by phenolic compounds into a blue reaction product that can absorb visible radiation at 760 nm [21] . An aliquot of 0.20 mL of the extract was mixed with 200 μL of Folin-Ciocalteau reagent, which was previously diluted with double distilled water (1:9). The mixture was allowed to stand for 5 min, and then 2.0 mL of sodium carbonate (10%, w/v) was added to the mixture. Finally, the mixture was allowed to stand in dark place for about 90 min and the absorbance was measured at 760 nm against a blank solution using a UV/Visible spectrophotometer. All the measurements were carried out in triplicate and results were expressed as milligram of gallic acid equivalent per gram of dry weight (mg GAE/g DW).
Estimation of total flavonoids
The total flavonoids content in the plant extracts was estimatedusing aluminum chloride assay [22, 23] . Briefly, an aliquot (1.0 mL) of the extract was added to a 10 mL volumetric flask containing 4.0 mL of double distilled water. To this flask 0.3 mL of 5% NaNO 2 was added. After 5 min of incubation, 0.3 mL 10% AlCl 3 was added. At the 6 th min, 2.0 mL of 1.0 M NaOH was added and the volume was adjusted to 10 mL with water. After 10 min, the absorbance of the resulting solution was measured at 510 nm. Catechin was used as a calibrator standard. Catechin was used as standard to express total flavonoid contents of samples as mg catechin equivalent per gram of dry weight (mg CE/g of DW) [24] .
Estimation of total tannins
The content of total tannin was estimated by protein precipitation method reported by Atlabachew et al. [25] using egg albumin to precipitate tannins in the plant extracts. A portion of 1.0 mL the sample extract was transferred into a centrifuge tube and mixed with 2.0 mL of 5.0 mg/mL egg albumin in acetate buffer solution (0.1 M, pH, 4.6). The mixture was incubated for about 15 min at room temperature, centrifuged at 2000 rpm for 10 min and the supernatant was filtered and used to estimate the non-tannins phenolics.
An aliquot of 200 μL of the supernatant (tannin free) was taken and mixed with 2.0 mL of Folin-Ciocalteau reagent, which was previously diluted with (1:9) double distilled water. A 2 mL of 7% (w/v) sodium carbonate solution (Na 2 CO 3 ) was added in to the mixture, and the volume was adjusted to 10 mL by adding distilled water. The absorbance of the solution was measured using at 760 nm. The tannin concentration was obtained by difference (before and after precipitation by protein). Calibration curve was constructed using gallic acid solution in water to express results as mg GAE/g of DW.
Determination of antioxidant activity
The antioxidant activity of the cladodes extracts were evaluated using DPPH method reported by Yeddes et al. [26] with little modification. A mass of 0.04 g of DPPH was dissolved with a small amount of methanol in a 250 mL volumetric flask. After the DPPH was fully dissolved the flask was filled up to 250 mL using methanol. The control was measured using 3 mL of methanol and 2 mL of DPPH solution. Besides, a stock solution of ascorbic acid was prepared by dissolving 0.02 g of ascorbic acid in 100 mL of water. Generation of standard curve was achieved by preparing different concentrations, 25.0, 12.5, 6.25, 3.125 and 1.56 mg/L, from the stock solution. From each standard solution of ascorbic acid a volume of 1 mL was transferred in to five different test tubes. To each test tube 3 mL of methanol and 2 mL of DPPH solution was added, the test tubes were covered by paraffin and kept in the dark for 1 hour. Finally the absorbance was measured at 517 nm. For the samples, a 2 mL portion of the extract was mixed with 3 mL of methanol and 2 mL of DPPH. The mixture was kept in the dark for 1 hour. The absorbance was recorded at 517 nm. The results are expressed as mg ascorbic acid equivalent/g of dry weight. The percentage inhibition of the DPPH radical was also calculated [27] . Each sample was analyzed in triplicate.
Statistical analysis
Results are presented as mean  SD from three replicate measurements. One-way ANOVA and paired t-test using IBM SPSS Statistics 20 was used to verify whether there are significant differences in the data obtained from different sampling areas and samples from different varieties of cladodes, respectively. Differences were considered significant when α < 0.05.
RESULTS AND DISCUSSION
Total polyphenols
It has been well documented that the polyphenol content of plant materials is strongly associated with their antioxidant capacity [28] . Phenolics are the principal plant compounds with antioxidant capacity attributable to their redox properties, which exhibit an important function in neutralizing free radicals [29] .
The results of the determination of total phenolics are given in Table 2 . The total polyphenol content of the cladodes varies in the range 18.071.4 mg GAE/g of DW across the different sampling areas and varieties. The concentration of polyphenols found in Ethiopian cladodes is much higher than those (3.825.71 mg GAE/g of DW) reported by Ramirez-Moreno et al. [30] on the level of polyphenols in cladodes of the two varieties. On the other hand, the amount (26.7 mg GAE/g of DW) reported by Dib et al. [15] fall in the range found in Ethiopian cladodes.
The extracts of cladodes of O. ficus-indica were found to have varied level of total polyphenol contents among the sampling sites and varieties (Table 2 and 3). The total polyphenol content ranged from 18.0±0.55 to 47.5±0.63 mg GAE/g and 23.0±0.54 to 71.4±2.4 mg GAE/g of DW in the thorn-less and thorn-containing cladodes varieties, respectively. The thorn-less cladodes samples from Adigrat and Addishihu showed higher total polyphenol contents, with mean value of 47.5 and 36.5 mg GAE/g of DW, respectively, followed by samples from Mekhoni (24.0 mg GAE/g of DW) while the lower values were recorded for samples collected from Machew (18.0 mg GAE/g of DW). One-way ANOVA Duncan's multiple range test revealed that there is significant difference between thorn-less cladodes samples collected from different areas. The observed difference might be attributable to differences in climatic factors and soil chemistry of the regions.
A similar trend was also observed for the thorn-containing variety of O. ficus-indica cladodes. The decreasing order of total polyphenol contents of thorn-containing cladodes follow: Addishihu > Adigrat > Mekhoni > Machew. One-way ANOVA showed that the total polyphenol contents differ significantly between the studied sample regions indicating that these chemical constituents are highly affected by geographical origin variation.
For samples from the same sampling areas, effect of variety on the level of phenolic composition was also compared using paired t-test statistical tool. It was observed that the thorn-containing cladodes found to contain significantly higher concentration of total polyphenol than thorn-less cladodes collected from the same areas. This signifies that varietal difference has significant effect on the cladodes phytochemical composition. Application of paired t-test on the overall mean total polyphenol contents of samples collected from the different areas revealed the presence of significant variation between the thorn-less (31.6 GAE/g of DW) and thorn-containing (47.7 GAE/g of DW) varieties (Figure 1) . 
Total flavonoids
The total flavonoid contents of the cladode samples are given in Table 2 and 3 as milligram catechin equivalent per gram of dry weight (mg CE/g of DW). The concentration of total flavonoids in the cladode was found in the range of 6.44 to 13.1 and 7.29 to 25.0 mg CE/g of DW corresponding to the thorn-less and thorn-containing varieties, respectively. Among samples of the thorn-less variety grown in the different areas, the highest mean concentration of total flavonoids was found in Addishihu (13.1 mg CE/g of DW) followed by Mekhoni (10.5 mg CE/g of DW), Adigrat (9.62 mg CE/g of DW) and Machew (6.44 mg CE/g of DW) ( Table 2 ). The observed variations among the sampling areas are statistically significant except between samples from Mekhoni and Adigrat.
A similar trend was observed for the cladodes of the thorn-containing variety ( Table 3 ). The highest total flavonoid content was recorded in thorn-containing cladodes from Addishihu (25.0 mg CE/g of DW) district while the lowest was obtained in samples from Machew (7.30 mg CE/g of DW).
Application of paired t-test on the overall mean total flavonoid contents of samples collected from the different areas revealed the presence of significant variation between the thorn-less (9.90 mg CE/g of DW) and thorn-containing (12.7 mg CE/g of DW) varieties (Figure 1 ). While pair wise comparison revealed the highest variation between the thorn-less (13.1 mg CE/g of DW) and thorn-containing (25.0 mg CE/g of DW) samples from Addishihu. Unlike samples from Addishihu, the flavonoid content of the thorn-less (10.5 mg CE/g of DW) cladodes from Mekhoniare found to be significantly higher than the corresponding thorn-containing (7.50 mg CE/g of DW) variety.
Relatively higher concentrations of flavonoids were obtained in some of the studied samples compared to that (11.9 mg CE/g of DW) reported by Dib et al. [15] . The total flavonoid content (25.0 mg CE/g of DW) of the thorn-containing samples from Addishihu is much higher than that reported by Dib et al. [15] . Comparable results were noticed in thorn-less samples from Addishihu, and Mekhoni as well as thorn-containing samples from Adigrat with the report by Dib et al. [15] . On the other hand, significantly lower concentration of flavonoids were noticed in both thorn-less (6.50 mg CE/g of DW) and thorn-containing (7.30 mg CE/g of DW) samples from Machew and thorn-containing (7.50 mg CE/g of DW) samples from Mekhoni compared to the data reported by Dib et al. [15] .
Total tannins
The total tannin content of the cladodes varies in the range 9.0041.2 mg GAE/g of DW across the different sampling areas and varieties (Table 2 and 3) . Comparing with the reported result by Dib et al. [15] , significantly higher concentrations of tannins have been obtained in this study.
The content of total tannin varied significantly among samples of thorn-less variety collected from different areas ( Table 2 ). This trend is similar to total flavonoids and polyphenols. Results from one-way ANOVA showed that the total tannin content are significantly higher in samples of thorn-containing cladodes from Addishihu district (41.2 mg GAE/g of DW) than samples from any other districts. For the thorn-less variety, the highest concentration of total tannin was found in samples from Adigrat (25.6 mg GAE/g of DW), while the lowest concentration was found in samples from Machew (9.00 mg GAE/g of DW).
Application of paired t-test on the overall mean total tannin contents of samples collected from the different areas revealed the presence of significant variations between thorn-less (15.9 GAE/g of DW) and thorn-containing (21.4 GAE/g of DW) varieties (Figure 1 ). When the two varieties were compared within each of the sampling areas, no significant difference was observed between thorn-less sample and thorn-containing samples from Machew and Makhoni districts, while the other pairs were found to be greatly varied.
Antioxidant activities
Antioxidant activities of plants are mainly attributed to the active compounds present in them. This can be due to the high percentage of main constituents, but also to the presence of other constituents in small quantities or to synergy among them. In this study, the antioxidant activities of cladodes (O. ficus-indica) were determined by the method of DPPH radical scavenging assay. The results were compared with ascorbic acid as a reference antioxidant compound. The results are summarized in the Table 4 and 5, respectively, for thorn-less and thorn-containing varieties of cladodes samples. Generally, free radical scavenging and antioxidant activity of phenolics (e.g. flavonoids, tannins) mainly depends on the number and position of hydrogen-donating hydroxyl groups on the aromatic ring of the phenolic molecules, and is also affected by other factors, such as glycosylation of aglycones, other H-donating groups (-NH, -SH), etc. For example, flavonolaglycones such as quercetin, myricetin, and kaemperol, containing multiple hydroxyl groups, have higher antioxidant activity than their glycosides such as rutin, myricitrin and astragalin.
The cladode samples have good antioxidant activity, ranging from 59.385.8% inhibition compared to ascorbic acid (Table 4 and Significant variations in the antioxidant activities of cladodes of the same variety have also been observed among some of the sampling areas (Table 4 and 5). The significant difference among the antioxidant activities of the cladode samples is supposed to the effect of ecological parameters like climatic conditions and physiochemical nature of the soil beside cultivar variation.
Correlation between total polyphenol, tannin and flavonoid contents of the cladodes and antioxidant activity were analyzed. A direct correlation between antioxidant activity and polyphenol, tannin and flavonoid contents failed to demonstrate by linear regression analysis (r 2 = 0.200.80). This lack of relationship is in agreement with the literature [31] . It is known that only phenolic compounds with a certain structure and particularly hydroxyl position in the molecule can act as proton donor and show radical scavenging activity [32] .
Comparison of total polyphenol, total tannin and total flavonoids content of the Ethiopian cladodes of O. ficus-indica with that from other countries is given in Table 6 . The total polyphenol and total flavonoid contents of the Ethiopian cladodes are comparable to that of the Algerian cladodes. However, the Ethiopian cladodes contained higher total tannin than the Algerian cladodes. In addition, the Ethiopian cladodes contained much higher total polyphenol and total tannin than the Spanish cladodes. These variations may be due to differences in geographical locations and climatic conditions. Table 6 . Comparison between the total polyphenol, total tannin and total flavonoid content of the Ethiopian cladodes with that from other countries.
Country of origin
Total polyphenol in mg GAE/g DW 
CONCLUSION
In this study, we report the results of the analysis of the two varieties of Ethiopian cladodes of Opuntia ficus-indica for their total polyphenol, tannin and flavonoid contents and antioxidant activities for the first time. The total polyphenol, tannin and flavonoid contents of the cladodes ranged from 18.071.4 mg GAE/gDW, 9.0041.2 mg GAE/g DW and 6.4025.0 mg CE/g DW, respectively. The antioxidant activities of the cladode samples were in the range of 0.551.73 mg AAE/g DW. Generally, thorn-containing cladodes samples contained significantly higher total polyphenol, flavonoid and tannin as compared to the thorn-less variety grown in the same area. Furthermore, the geographical origin has been found to have significant effect on the phenolic composition of the cladodes. Compared to other leafy vegetables, Ethiopian cladodes of O. ficus-indica are rich in phenolic compounds with good antioxidant activities. Thus, this vegetable can be considered as easily accessible and valuable natural sources of antioxidants and dietary supplements.
